A novel CdO and carbon co-coated LiFePO 4 (LFP) cathode material has been synthesized, and the effect of CdO on the physicochemical properties and electrochemical performance has been investigated by X-ray diffraction (XRD), scanning electron microscopy (SEM), energy dispersive X-Ray spectroscopy (EDX), X-ray photoelectron spectroscopy (XPS), X-ray absorption spectroscopy (XAS), transmission electron microscopy (TEM) and electrochemical measurements.
Introduction
With the emergence of energy crisis and environmental pollution, electric vehicles (EVs) or hybrid electric vehicles (HEVs) has aroused more and more concern. Lithium-ion batteries (LIBs) are the key power source for EVs or HEVs. LiFePO 4 (LFP) is regarded as one of the most promising cathode materials due to its high theoretical capacity (170 mAh g -1 ), low cost, non-toxicity, and environmental friendliness 1, 2 . However, its poor electronic conductivity and low ionic diffusion lead to a relatively low reversible capacity and poor rate performance. Accordingly, tremendous efforts have been made to improve the performance of LiFePO 4 , such as particle size reduction [3] [4] [5] , doping [6] [7] [8] [9] , surface modification (i.e., carbon coating, conductive polymer, metal oxide, etc.) [10] [11] [12] [13] [14] [15] [16] [17] [18] , and so on.
Recently, Zhang 19 has reported that charge transfer between particle surface and current collector plays a crucial role on the high-rate performance of LiFePO 4 . Therefore, it is possible to enhance the electrochemical performance of LiFePO 4 by surface modification. Carbon coating has been proved to be a most effective and simple method of surface modification. However, high carbon in the final product will decrease not only tap density but also energy density. In this paper, we modified LiFePO 4 by a novel mixed-coating layer with CdO and carbon, and investigated the coating effect of CdO on the electrochemical performance by X-ray diffraction (XRD), scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDX), X-ray photoelectron spectroscopy (XPS), X-ray absorption spectroscopy (XAS), transmission electron microscopy (TEM) and electrochemical measurements. Galvanostatic charge/discharge measurements were performed between 2.5~4.2 V at room temperature on a cell testing system (LAND CT2001A, China). Cyclic voltammetry (CV) and Electrochemical impedance spectra (EIS) measurements were performed on an electrochemical working station (CHI614C, China). CV curves were monitored at a scanning rate of 0.05 mV s 
Experimental

Results and discussion
The XRD patterns of LFP/C and LFP/(C+CdO) are shown in This leads to the assignment of a Fe 2+ for both the LFP/C and LFP/(C+Cd). Thus, the coating of CdO on LFP/C does not change the valence state of Fe ions. Figure 3b shows the Cd L 1 -edge XAS spectra for LFP/(C+Cd) and the reference material Cd-foil which has a formal valence 0. It can be seen that the edge energy increases from about 3018 eV fpr Cd foil to 4020 eV for LFP/(C+Cd). This 2 eV increase in edge energy indicates that the Cd in the CdO coated LFP/(C+Cd) sample should be in +2 valence state, consistent with our XPS result. The initial discharge capacity of LFP/C and LFP/(C+CdO) electrodes shows no obvious difference (i.e., 161.9 mAh g -1 for LFP/C, and 164.2 mAh g -1 for LFP/(C+CdO)). However, after 100 cycles at 0.2 C, the discharge capacity of LFP/(C+CdO) electrode retains as high as 158.2 mAh g -1 and the capacity retention ratio achieves 96.3 %, which is higher than that of LFP/C (only 146.7 mAh g -1 and 90.6%). Obviously, after CdO-incorporation, not only the capacity but also the capacity retention ratio of LiFePO 4 is remarkably improved. Figure 7c shows the rate capability of LFP/C and LFP/(C+CdO) electrodes, which were tested in a mode such that all cells were charged under a small current density of 0.2 C to 4.2 V and discharged at different rates to 2.5 V. With the increasing C-rate, the capacity decreases, but the capacity can recover when the C-rate comes down even after 70 cycles, which means that the charge/discharge process of LFP is controlled by lithium-ion diffusion process. At all high rates, the LFP/C-CdO sample displays better high-rate performance and deliver a specific reversible capacity as high as 123. Figure 8b shows the EIS spectra of the two samples.
The EIS curves for the two samples are both composed of a depressed semicircle at high frequency regions, which represents the charge transfer resistance, and a straight sloping line in the low frequency regions, which is associated the Warburg impedance cause by the lithium-ion diffusion.
As seen in Figure 8b , the charge transfer resistance of LFP/(C+CdO) is 37.35 Ω, which is much lower than that of LFP/C sample (50.96 Ω ), indicative of a faster kinetics in electrochemical reactions for LFP/(C+CdO), thus an enhanced electrochemical performance.
Conclusions
A novel CdO and carbon co-coated LiFePO 4 cathode material were successfully synthesized.
Combined with the results of XRD, XPS and TEM, it reveals that CdO-incorporated LFP particles are coated with a mixed amorphous carbon and CdO layer with a thickness of 2-3 nm.
Electrochemical tests indicate that CdO modified LiFePO 4 /C could significantly improve the electrochemical performance, especially the capacity retention ratio and high rate performance, which results from the alleviative Fe dissolution, the improved structural stability and the decreased charge-transfer resistance of LFP/C after CdO incorporation. 
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